The recirculating induction accelerator is a new class of particle accelerator being developed at LLNL as a reduced-cost driver for heavy-ion beam driven inertial fusion energy. Ongoing research and development of advanced beam control technologies for the recirculator system requires a very stable and reproducible ion beam source. The injector pulse modulator must be capable of producing very precise high-voltage pulses in order to reduce the current modulation instability and achieve the required beam reproducibility. Computer modeled simulations of beam dynamics have established that errors greater than 0.1 percent in the flatness of the 120 kV injector pulse can create intolerable energy deviations. The pulse modulator that was developed to satisfy the stringent requirements is described in the accompanying paper by Wilson [l]. A crucial aspect of the overall solution is a modification made to the vacuum diode apparatus, whereby high-voltage capacitors were added in close proximity to the thermionic potassium-ion emitter. This paper discusses the rationale for augmenting the normally small capacitance of the injector diode, and presents design information, including an illustrated layout, electrostatic field modeling results, and data on ceramic capacitors operating at elevated levels.
INTRODUCTION
Ongoing research and development of advanced beam control technologies for the heavy-ion recirculator system requires a very stable and reproducible ion-beam source. The injector pulse modulator must be capable of producing very precise high-voltage pulses in order to reduce the current modulation instability and achieve the required beam reproducibility [6] .
During initial experiments on LLNL's small-scale recirculator, measurements were obtained that indicated the voltage waveform of the diode pulser had a ripple of approximately +1.3% of the 65-kV flattop voltage, and the beam current had a larger corresponding ripple of approximately +8.4% of the 1.5-mA average current at the location of a Faraday cup, approximately 1.9 m downstream from the ion source. Subsequent simulations by Barnard [7] corroborated the physical nature of these observations, and it was determined that such large perturbations would pose serious consequences in the beam transport through the recirculator. This drove the requirement to come up with an improved pulser for the ion injector.
IMPULSER
The injector pulser that was developed to satisfy the rather stringent requirements is described in the accompanying paper by Wilson [l] , and in an internal LLNL report [8] . It is basically a lowimpedance, high-energy capacitor discharge unit (CDU) employing spark gap switches to turn on and crowbar the output. The output level is adjustable from 60 to 120 kV, and the unit can be repetitively operated at 1 Hz. The proper risetime and falltime is obtained by changing series and shunt components in the circuit.
A critical aspect of the implementation is to modify the electrical characteristics of the vacuum diode region of the ion source itself. By adding discrete HV capacitors in this region, the nominally 100 p F capacitance of the ion diode is increased to approximately 10 nF, depending on the number of additional capacitors installed.
Then, the combination of pulser series resistance and augmented diode capacitance predominantly determines the voltage risetime at the diode.
DIODE
The ion injector in LLNL's small-scale recirculator is a typical design that uses a thermionic, potassiumdispenser source. The filament heated dispenser cup sits within a short graphite cylinder with a frustum shaped contour along the sudace facing the front plate that has an aperture through which the ion beam is extracted. The thermionic emitter assembly is attached by an alignment mechanism to a metal mounting plate that is supported from the grounded front plate with machinable ceramic standoffs. A positive high-voltage pulse applied to the thermionic ion source accelerates potassium ions toward the front plate and through the aperture. Figure 1 depicts the basic layout and shows results of electrostatic field modeling. The lines shown between the graphite/emitter and the front plate are equipotential lines. This plot also shows the rather large space between the graphite and the chamber wall. The existing diode assembly was retrofitted to add discrete capacitors that would augment the limited capacitance of the diode itself. We selected Murata 3-nF, 40-kV, N4700 ceramic capacitors for this application. While only rated at 40 kV, we have experience operating these coniponents reliably at higher levels [9 1, and chose to rely on two capacitors in series to satisfy the 120 kV operating level requirement. Figure 2 is a line drawing of the thermionic source assembly and its mounting hardware along with multiple pairs of ceramic capacitors that were installed in a circular pattern around the thermionic ion source. Placement of the ceramic capacitors depended on several important factors, and many options were considered before a final implementation was decided. High voltage holdoff was the most critical concern. Figure 3 illustrates one of the mounting positions that was evaluated. R is apparent from examining this plot of equipol.ential lines that the electric: field stress is rather high between the edge of the graphite and the bottom side of the lower capacitor which would be at ground potential.
Mounting the capacitors closer to the front plate, as illustrated in Figure 4 , reduces the electrical stress at the lower edge of the graphite, and provides a more uniform field in the diode region. This i !; the position that was selected for the augmenting capacitors.
Another concern was the heat loild from the 920-C thermionic emitter, should the capacitors be in a direct lline of sight. A quick analysis of the thermal loading indicated there would not be a serious problem for the chosen position. A view of the diode region through a side port is shown in Figure 5 . The design requirements for the impulser as reported in the accompanying paper do not require a high-fidelity circuit layout or a low inductance configuration. This allows as shown bare conductors to be used for the connection to the cathode with minimal effect on the injector performance. 
C A PAC I To R S
The Murata 3-nF 40-kV, N4700-type ceramic capacitors chosen for this application have a nominal dielectric constant of 2600. The manufacture indicates they will change in capacitance less than 2 percent over the rated operating voltage. The design parameters of our circuit requires that these components operate to levels of 60 kV, or 150 percent of their rated voltage. A measurement of the dielectric constant at the intended operating level was performed to ensure that the true values of the components were known. A process to quantify the dielectric constant as a function of average field-stress has been developed and used for this purpose [lo] . Figure 7 represents a 3-nF capacitor biased to 90-kV and the resulting dielectric constant as a function of average field-stress across the device under test.
For this application, the upper operating level for an individual capacitor is 60 kV, and the nominal field stress in the capacitor material will be 40 kV/cm. Operating at this stress level reduces the capacitance value by 29 percent. This capacitance reduction results in a dynamic impedance change of the diode of 118 percent. The significance of the diode impedance on the operation of the injector is discussed in the paper by Wilson [l] . Performance of ion-iinjectors can be improved when system-level, integrated designs take into account the possibility of modifying the load characteristics. By augmenting the capacitance of the vacuum diode assembly, a simple CDU-type HV pulser was implemented to provide the specific risetime and stringent flatness requirements needed to perform critical experiments on LLNL's HIF recirculator. The rnodifications described here were proven successful over the past year of experimental operations.
